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Abstract Validation is critical for quantifying accuracy, 
errors and limitations of models’ results. This study 
examines the ability of ENVI-met model to simulate 

thermal conditions in high spatial resolution. Field 
measurements from 11 central sites (squares and parks) 

across the greater area of Athens, Greece, incorporating 15 
days of campaigns in July and August were used. Air 
temperature, relative humidity, wind speed, grey globe 

temperature and total solar radiation were monitored at 1.1 
m above the ground using a  mobile meteorological station. 
In addition, Mean Radiant Temperature, Physiologically 

Equivalent Temperature (PET) and Universal Thermal 
Climate Index (UTCI) were calculated incorporating in-

situ measurements. The full force method for ENVI-met 
initial conditions was applied, using hourly data from the 
nearest meteorological stations. Validation metrics 

including Root Mean Square Error (RMSE), Mean 
Absolute Error (MAE) and the index of agreement (d) were 
used to measure the model accuracy. The results showed 

that air temperature is simulated with adequate accuracy 

(MAE = 1.6 ⁰C and d = 0.8) while PET and UTCI also 

present a high percentage of agreement (MAE = 5.3 ⁰C and 

3.3 ⁰C; d = 0.7 and 0.8, respectively). Overall, the study 
provides further confidence that the ENVI-met can be 
utilized as a reliable model for further research analysis. 

Keywords: ENVI-met; thermal indices; field surveys; 
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1. Introduction 

The rapid increase of urbanization worldwide affects the 

living environment within cities. The heat island effect 

leads to an increase in the air temperature inducing 

unfavorable thermal conditions (Buchin et al. 2016; Salata 

et al. 2016). Modeling techniques have become a powerful 

tool to investigate the thermal environments especially 

during the summer season, when the thermal conditions 

over cities are deteriorated. A large number of studies 

focus on thermal conditions across urban Mediterranean 

areas examining possible interventions to ameliorate 

thermally uncomfortable conditions using ENVI-met 

model (Tsoka et al. 2017; Chatzinikolaou et al. 2018). 

ENVI-met is the most commonly used software when 

addressing the impact of urban design on environmental 

variables and microclimate. It is a  three-dimensional 

microclimate model, based on fundamental laws of fluid 

dynamics and thermodynamics and designed to simulate 

complex surface-vegetation-air interactions in the urban 

environment (Bruse and Fleer, 1998). 

Model accuracy is of high importance to generate a useful 

output. In this study, the latest version of ENVI-met (2020) 

and the full forced method are applied to take advantage of 

the maximum model capabilities in order to achieve the 

best prediction accuracy. The accuracy of high-resolution 

simulations of 15 days during summer season in Athens, 

Greece is validated using data collected on-site during field 

measurements. 

2. Data and Model Set up 

ENVI-met model was used to simulate the 

micrometeorological and the thermal conditions in 11 

central sites across the greater area of Athens, Greece (Fig. 

1). 

ENVI-met simulations were performed using geospatial 

data provided by the Hellenic Cadastre for buildings’ 

dimensions and information collected by on-site visits for 

vegetation, trees and soil type. The model geometry and 

the characteristics of 3D plants and soil types for the 11 

simulated domains are presented in Table 1. 
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Figure 1. The 11 central sites across the greater Athens area used 

for model simulations. 

Table 1. The model geometry, the number of different soil 

profiles and 3D plants of the study areas. 

 Site Model Geometry   

  Domain Size 
(grids) 

Core XY 
domain (m) 

# Soil 
Profiles 

# 3D 
Plants 

1 Karaiskaki sq. 180 x 180 x 30 270 x 270 7 254 

2 Alimos coast 
park 

180 x 180 x 30 270 x 270 9 140 

3 Syntagma sq. 190 x 190 x 30 285 x 285 7 161 

4 Erg. 
Polemistonsq. 

227 x 200 x 45 340.50 x 300 8 420 

5 Nea Filadelfia 
park 

169 x 176 x 30 253.50 x 264 4 164 

6 Irous sq. 214 x 163 x 45 321 x 244.50 8 140 

7 Ampelokipoi 
sq. 

190 x 190 x 70 285 x 285 8 290 

8 Chalandri sq. 210 x 187 x 60 315 x 280.50 8 134 

9 Dafni sq. 240 x 227 x 60 360 x 340.50 5 81 

10 Εl. Venizelos sq 170 x 170 x 60 255 x 255 5 90 

11 Laou sq. 190 x 190 x 60 285 x 285 4 196 

All model domains have fine horizontal grid resolution of 

1.5 x 1.5 m while the grid sizes in the vertical axis vary. 

The base vertical grid analysis is 2 m, however the lowest 

grid box is splitted into 5 subcells in order to approach 

better the height of the in-situ measurements used for 

model validation. As initial conditions we used data of air 

temperature (Tair in oC), relative humidity (RH in %), 

wind speed (WS in m/s) and direction (WD in degrees), 

precipitation (R in mm) and atmospheric pressure (P in 

hPa) derived by the National Observatory of Athens 

(NOA), the Hellenic National Meteorological Service 

(HNMS) and the automatic weather stations network 

(NOAAN) of NOA (Lagouvardos et al. 2017). Also, for 

the full forcing, we used total solar radiation (SR in W/m2) 

and longwave radiation (LR in W/m2), from the 

actinomertic stations of NOA at Penteli and Thissio, the 

only sites routinely measuring these parameters in the 

greater Athens area. The beginning of the simulation time 

was set up from midnight and before the sunrise ensuring 

stable conditions (Schinzato et al. 2019). In order to avoid 

any model spin up effects, the first 8-10 hours of the model 

run were discarded. This approach significantly increases 

the model run time, but improves model’s performance 

(Middel et al. 2014). Thermal conditions were estimated 

using Physiologically Equivalent Temperature (PET in oC) 

and Universal Thermal Climate Index (UTCI in oC) with 

the BioMET add-on software package of ENVI-met. 

ENVI-met results were validated by in-situ 

micrometeorological measurements. Fifteen days of 

campaigns in July and August was carried out in the 11 

locations across the metropolitan area of Athens, Greece. 

A mobile weather station was used to monitor Tair, RH, 

WS, and grey globe temperature (Tgl in ⁰C) at the height 

of 1.1 m. Mean radiant temperature (Tmrt in ⁰C) was 

calculated using Tair, Tgl, and WS (ISO 7726, 2001) and 

the PET, UTCI indices using the Rayman software 

(Matzarakis et al. 2007, 2010). 

The accuracy of ENVI-met simulations was quantitatively 

examined using the following metrics: (a) Root Mean 

Square Error (RMSE), (b) Mean Absolute Error (MAE), 

and (c) index of agreement (d) (Willmott 1982, Yang et al. 

2013, Lee et al. 2016, Acero and Arrizabalaga 2018, Liu et 

al. 2018). A value of 1 for d corresponds to a perfect match, 

and 0 indicates no agreement at all (Willmott, 1981). The 

accuracy of PET and UTCI classifications of thermal 

sensation was examined using the percent of correct 

predictions and the Goodman and Kruskal's gamma 

measure of rank correlation. 

3. Results 

3.1 Qualitative comparison 

ENVI-met simulations of Tair, RH, WS and Tmrt at the 

height of 1.4 m were compared to those recorded on-site 

during the field measurements campaign. The Tair 

simulations were in a very good agreement with the 

measured Tair in all model runs (Fig. 2a). The Tair 

measurements ranged between 22.6 ⁰C and 40.4 ⁰C and the 

simulated Tair ranged between 26.2 ⁰C and 38 ⁰C; while 

their maximum difference was calculated at 4.7 ⁰C. 

On the contrary, ENVI-met overestimated RH (Fig.2b) 

differing by ~35% from the field measurements. 

Nevertheless, ENVI-met seems to reproduce successfully 

RH variation over time attributing the time frames at which 

the extreme RH values are taken place in accordance with 

the in-situ measurements. The RH overestimation is 

opposed to the findings of previous studies in which an 

overestimation of Tair and an underestimation of air 

humidity were reported (Yang et al. 2013, Lee et al. 2016). 

The simulated Tmrt was also overestimated compared to 

the Tmrt calculated from the field data producing the 

highest deviations on the maximum values (Fig.2c). The 

simulated WS showed significant differences compared to 

the measurements especially for some of its maximum 

values in which a clear overestimation was evident (Fig. 

2d). This discrepancy may be due to the neighboring 

obstacles and the local wind channeling, where the model 

seems to intensify. Moreover, another factor may be the 

obstruction of the wind field and its modification by 

passengers or by people taking part in the campaigns 

giving lower observed wind speed values. 

Finally, the comparison of in-situ and simulated data 

showed that the model provided quite good results for the 

thermal indices of PET and UTCI as presented in Figures 

2e and 2f, respectively. A slightly overestimation is 

evident. The number of UTCI data is smaller due to the 

limitations of its calculation (Matzarakis et al. 2007, 2010). 
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Figure 2. ENVI-met simulations and field measurements of (a) 

air temperature, (b) relative humidity, (c) mean radiant 

temperature, (d) wind speed, (e) PET and (f) UTCI. 

3.2 Quantitative comparison 

The results of the statistical metrics throughout the 15 days 

campaign for all simulations are presented in Table 2. The 

agreement between Tair measurements and simulations 

was high. The value of d (0.8) indicates that ENVI-met 

captures the Tair measurement trend well, while the RMSE 

and MAE metrics were evaluated as very good, with values 

2.0 ⁰C and 1.6 ⁰C, respectively. 

The RMSE and MAE of RH were high indicating possible 

errors at ENVI-met simulations (Table 2). These could be 

due to the failure of ENVI-met to simulate successfully the 

solar radiation (Liu et al. 2018) and/or the moisture 

brought by the wind. 

Table 2. Validation of ENVI-met performance (RMSE, MAE, d) 

for the 15 days summer season simulations runs. 

 
RMSE MAE d 

Tair (⁰C) 2.0 1.6 0.8 

RH (%) 15.1 12.0 0.5 

Tmrt (⁰C) 13.8 11.1 0.6 

WS (m/s) 0.9 0.6 0.5 

PET (⁰C) 6.9 5.3 0.7 

UTCI (⁰C) 4.3 3.3 0.8 

PET thermal class 1.0 0.7 0.7 

UTCI thermal class 0.8 0.6 1.0 

The simulated Τmrt also presents significant differences 

compared to the Tmrt estimated from the measurements. 

The RMSE and MAE values were 13.8 ⁰C and 11.1 ⁰C 

respectively, while the index d value was 0.6. 

The MAE of WS was 0.6 m/s and the RMSE was 0.9 m/s 

(Table 2). The index d was low (d=0.5) indicating 

significant differences between ENVI-met simulations and 

the measurements. This discrepancy might be caused by 

the fact that the ENVI-met cannot incorporate real-time 

wind speed and direction.  

PET and UTCI values were adequately simulated by 

ENVI-met according to the index of agreement, taking 

values of d = 0.7 and d = 0.8, respectively. Τhe values of 

RMSE were 6.9 ⁰C for PET and 4.3 ⁰C for UTCI and of 

MAE were 5.3 ⁰C for PET and 3.3 ⁰C for UTCI. Given that 

the aim of this project is to evaluate the model accuracy in 

simulating thermal sensation, the PET and UTCI 

classifications according to their assessment scales 

(Matzarakis and Mayer, 1977; Pantavou 2014) were also 

considered. The index of agreement (d) took values of 0.7 

for PET simulated classifications of thermal sensation and 

1.0 for UTCI. The percentage of correct simulations for 

PET was 48.9% and for UTCI 48.2% while Gamma 

statistic was estimated to 0.62 and 0.76, respectively, 

suggesting that ENVI-met captures adequately the thermal 

sensation. 
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4. Conclusions 

The results reveal that ENVI-met full forcing option 

replicates quite accurately the micrometeorological and 

thermal conditions in open urban places in Athens, Greece. 

The most successfully simulated variable holding the 

highest validation scores was the air temperature - an 

important meteorological parameter affecting people’s 

thermal perception (Salata et al. 2016). Low validation 

scores were produced for the relative humidity; however it 

should be noticed that people’s perception with respect to 

air humidity is ambiguous, thus it is expected to have a 

small effect on people’s thermal perception. Overall, we 

conclude that ENVI-met model can be utilized as a reliable 

tool for research analysis of thermal conditions in open 

urban places. 
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